Using the MALDI-TOF spectroscopy method, clusters of non-stoichiometric tantalum oxychlorides formed as a result of hydrolysis of nanoscale reaction products of tantalum pentachloride with acetylene and of interaction with oxygen and air moisture in the process of sample preparation were studied. The formation of oxychloride clusters containing from 2 to 15 tantalum atoms is shown. Quantum chemical calculations of the structure and relative thermodynamic stability of the possible isomers are carried out. The stability of cage Ta structures connected by oxygen bridges with significant contribution of metal-metal bond is established
Introduction
The combination of the experimental MALDI-TOF mass spectrometry with quantum chemical calculations allows us not only to identify the composition of multinuclear transition metal clusters in the gas phase, but also to draw conclusions about the structure and relative thermodynamic stability of their possible geometric isomers. Previously, we used this approach to study the catalyst for linear polymerization of acetylene and substituted alkynes based on molybdenum halides. It was shown that the active centers of the catalyst are 13-atom organometallic clusters of lower molybdenum chlorides [1] [2] [3] . Lower Mo oxides, in particular MoO 2 , are used as functional materials in catalysis, in sensors, solar cells [4] [5] [6] [7] . A combination of these methods was used to study MoO 2 containing a nanosized fraction obtained by thermal decomposition of the complex of molybdenum ion with N-substituted hydroxylamine [MoO 2 (i-C 3 H 7 NHO) 2 ] 8 . The composition in the gas phase of cation clusters of lower non-stoichiometric Mo oxides was established and stability of symmetric cell structures was shown 9 . Clusters of anions of higher Mo oxides were also studied 10 .
Niobium and tantalum pentachlorides are effective catalysts for the trimerization of acetylene and the stereoselective cyclotrimerization of monosubstituted alkynes HC=CR [11] [12] [13] [14] , however, information on the study of catalytically active complexes is mainly limited by their composition 15 .We assumed that the niobium catalyst is also an organometallic cluster of lower niobium chlorides, however, when studying catalysts with the composition NbCl 2 ± 0.1 (Cn ± 1Hn ± 1) (n = 10-12) by MALDI TOF mass spectrometry in the mode of identification of negative ions.
In the gas phase, previously unknown clusters of niobium oxychlorides were identified 16 . The latter were formed as a result of the active interaction of the cyclotrimerization catalyst of alkynes NbCl 2±0,1 (C n±1 H n±1 ) (n=10÷12) with oxygen and air moisture during sample preparation due to its high dispersion.
On the other hand, the investigations of tantalum clusters are rather scant. Small metal oxide clusters of V, Nb and Ta were investigated by mass-spectrometry and infra-red spectroscopy 17 .
Systematic quantum chemical study of tetra-nuclear metal oxide clusters M O  , 3 7 M O  , 4 9 M O  , 5 12 M O  , 6 14 M O  and 7 17 M O  19 .These clusters have stable bonding networks at their core and additional excess oxygen at their periphery. Investigations of formation and distribution of neutral vanadium, niobium and tantalum oxide clusters by mass-spectrometry and single photon ionization revealed that for tantalum and niobium families with even number of metal atoms, oxygen deficient clusters The aim of present work was to study the tantalum oxychloride clusters making use of the combination of MALDI-TOF spectroscopy and quantum chemical calculations. Considering the similarity of the properties of elements -analogues of niobium and tantalum, as an initial material, we synthesized a tantalum catalyst, obtained similarly by the reaction of tantalum pentachloride with acetylene. We believed that due to its high dispersion, the latter will also actively interact during sample preparation with oxygen and air moisture with the formation of tantalum oxychlorides.
Experimental
For the synthesis of the catalyst, acetylene was passed through a saturated solution of Figures 2 a) , b), c) and d) and theoretical bond lengths are presented in Table 2 . The most stable structures are presented first throughout. It is seen from Figure 2 that cyclic structures are more stable that linear ones. Among cyclic structures the more stable is one with O-atom over a plane connected by almost equal bonds (2.13 Å) with three Ta atoms ( Fig.2  a) . The structure with Cl over a plane connected with two shorter bond (2.70 Å) and one longer bond (3.70 Å) with Ta atoms is less stable. Amongst the linear structures the structure with single oxygen bridges is more stable than that with double oxygen bridges The Ta-Ta bonds lengths in cyclic structure (Fig. 2 a) (2) 1.91 (5) 1.82(7) Fig 2 d) 3.034 2.39(2) 1.96 (7) 1.870(1) Fig 3  3 .02(5) 2.394(6) 1.97 (3) 1.85 (7) In the case of Ta 4 clusters mass-spectra resulted in four clusters in the same metal oxidation state, namely 2 Figures 5-7 and bond length are presented in Table 3 and Table 4 . The most stable in all cases are distorted tetrahedral structures. Figure 8 a) 3.08 (7) 3.52 (7) 2.40(3) 1.95 (7) 1.880(8) There are three Ta 5 cluster in MALDI spectra, namely 3 The oxidation states of Ta in the last two clusters are larger than in the first one. In all cases we investigated two initial forms -trigonal bipyramid and tetragonal pyramid. Stable tetragonal pyramid structure was obtained for 2 5 11 4 H Ta O Cl  only, but its total energy is larger then that for trigonal bipyramid. The structures are presented in Figures 9-11 and examples of metal-metal bonds in Figure 12 . Bond lengths are presented in Table 5 . Figure 12 shows metal-metal bond, which include four Ta atoms ( Fig. 12 a) , one equatorial and one polar Ta atoms ( Fig.12 b) three equatorial Ta atom (Fig.12 c) . In the case of Ta 8 only one composition 4 8 18 5 H Ta O Cl  was obtained in MALDI spectra. For this structure we obtained cubic Ta 8 structure connected by oxygen bridges, with O, Cl atoms and OH group bonded with Ta atoms (see Figure 21 ). Magnitudes of bond lengths are presented in Table 11 . Metal-metal bond is observed in this compound. (2) 1.874 (7) 
